Longitudinal studies suggest that women who already have a high BMI are at greater risk of maternal obesity than their lighter counterparts. The aim of the present study was to investigate this possibility by examining the relationship between reproductive history and maternal BMI in a community of 627 women from South Africa with a high prevalence of obesity. Standardized questionnaires were used to obtain detailed sociodemographic and behavioural information, while maternal weight and height were both measured at the time of the interview. Analysis of covariance (ANCOVA) showed that maternal age (3 0.015, P=O.OOl), smoking status (3 0.012, P = 0.036), and social support (3 0.01 1, P = 0.006) were all independently associated with maternal BMI. If overweight women were at increased risk of maternal obesity, then the positive relationship between reproductive history and maternal BMI should be enhanced in this relatively obese community, yet the ANCOVA models showed no independent association between gravidity and maternal BMI after controlling for the effects of confounding factors. Although previous longitudinal studies have found a positive association between prepregnant weight and long-term weight gain, this relationship might arise because overweight women gain more weight over a fixed period of time than normal weight women, and therefore they may appear to be at greater risk of pregnancy-related weight gains. Overweight women are at greater risk of weight gain generally, but there is little unequivocal evidence to suggest that they are at any increased risk of maternal obesity, when compared with women of lower BMI.
Longitudinal studies suggest that women who already have a high BMI are at greater risk of maternal obesity than their lighter counterparts. The aim of the present study was to investigate this possibility by examining the relationship between reproductive history and maternal BMI in a community of 627 women from South Africa with a high prevalence of obesity. Standardized questionnaires were used to obtain detailed sociodemographic and behavioural information, while maternal weight and height were both measured at the time of the interview. Analysis of covariance (ANCOVA) showed that maternal age (3 0.015, P=O.OOl), smoking status (3 0.012, P = 0.036), and social support (3 0.01 1, P = 0.006) were all independently associated with maternal BMI. If overweight women were at increased risk of maternal obesity, then the positive relationship between reproductive history and maternal BMI should be enhanced in this relatively obese community, yet the ANCOVA models showed no independent association between gravidity and maternal BMI after controlling for the effects of confounding factors. Although previous longitudinal studies have found a positive association between prepregnant weight and long-term weight gain, this relationship might arise because overweight women gain more weight over a fixed period of time than normal weight women, and therefore they may appear to be at greater risk of pregnancy-related weight gains. Overweight women are at greater risk of weight gain generally, but there is little unequivocal evidence to suggest that they are at any increased risk of maternal obesity, when compared with women of lower BMI. Sheldon (1949) first coined the term 'maternal obesity' to describe the 'common observation that women may ... develop a severe obesity after having a baby'. Since this time, several risk factors for maternal obesity have been identified, the most important of which are thought to be: high gestational weight gain (Greene et al. 1988; Keppel & Taffel, 1993; Parker & Abrams, 1993; Boardley et al. 1995; Scholl et al. 1995; Harris et al. 1997b) , high prepregnant body weight (Schauberger et al. 1992; Stevens-Simon & McAnamey, 1992; Boardley et al. 1995) , low socioeconomic status (Parker & Abrams, 1993) , and cessation of smoking (Ohlin & Rossner, 1990) .
Maternal obesity: Weight gain: Pregnancy
In particular, it has been suggested that women who already have a high BMI are at greater risk of maternal obesity (Sheldon, 1949 ) when compared with their lighter counterparts (Schauberger et al. 1992; Stevens-Simon & McAnamey, 1992; Boardley et al. 1995) . By comparing postpartum body weight with body weight recorded before pregnancy, these longitudinal studies are able to identify maternal characteristics, such as prepregnant BMI, that are associated with greater weight gains. However, two possible conclusions can be drawn from the positive association that is commonly observed between prepregnant BMI and long-term weight gain following pregnancy. It could be that overweight women (BMI > 26 kg/m2; Institute of Medicine, 1990) are at increased risk of gaining weight in association with pregnancy. However, these women may simply 'appear' to be at greater risk of pregnancy-related weight gains because they gain more weight over a fixed period of time than do women of low or normal BMI (BMI 5 26 kg/m2; Institute of Medicine, 1990) , regardless of pregnancy. If this were the case, overweight women would not be at any increased risk of maternal obesity, simply at greater risk of obesity generally. The aim of the present study was to investigate each of these possibilities by examining the relationship between reproductive history and maternal BMI in a community of women from South Africa with a high prevalence of obesity (Harris et al. 1996) . If overweight women are at increased risk of maternal obesity, then the positive relationship between reproductive history and maternal BMI (Cederlof & Kaij, 1970; Heliovaara & Aromaa, 1981; Baecke et al. 1983; Brown et al. 1992; Williamson et al. 1994) should be enhanced in this community. Conversely, a reduced relationship between reproductive history and maternal BMI would suggest that overweight women are not at increased risk of maternal obesity.
Materials and methods

Sample
The association between maternal BMI and reproductive history was investigated using mothers enrolled in South Africa's 'Birth to Ten' longitudinal birth cohort study . From this cohort, all mothers whose residential addresses at the start of the study were given as Greater Soweto, and who were subsequently weighed at the time of the 5-year follow-up interview, were included in the present study. Of the 753 mothers eligible for inclusion in the study, nineteen were excluded because they were pregnant at the time of the follow-up interview, which might have resulted in a higher than normal body weight. Likewise, to minimize the potential effect of recent pregnancies, a further seventy-two mothers who had delivered a child less than 12 months before their followup interview, were excluded from the study. A further thirty-five cases with missing data for one or more of the variables listed in Table 1 were also excluded. The final sample comprised 627 non-pregnant mothers, none of whom had delivered a child within 1 year of the 5-year follow-up interview. On average, these 627 women were of lower gravidity ( t 3.28, P=O.OOl) yet they did not differ from the 126 excluded women in any of the other characteristics listed in Table 1 . For this reason there was little evidence that women included in the study were unrepresentative of the sample as a whole (see Table 1 ).
Study design
A cross-sectional study design was chosen to enable the researchers to tease out the relative contribution of 'an obese lifestyle' from any differential effect of pregnancy on weight gain by obese individuals. A longitudinal design was rejected because it would have been unable to separate these two issues since both an 'obese lifestyle' and any differential effect of pregnancy in obese individuals occur simultaneously. If pregnancy has a differential effect on the long-term weight gain of obese individuals then a crosssectional analysis of an obese population, which controls for differences in age, would show this by demonstrating a steeper slope of panty on body weight than that observed in leaner populations.
A control group of nulligravid women was not used in this cross-sectional study, since this approach assumes that the pattern of weight gain over time is the same among women who have one or more children ('mothers') as among those who have no children (either by chance, or because they have chosen not to have children). There is substantial evidence that this assumption is false, because it is impossible to obtain nulliparous or nulligravid controls who are matched to parous gravid cases in this regard, and there is good evidence that permanently nulliparous or nulligravid women in well-nourished communities tend to gain more weight over time than parous women who do not experience further pregnancy (Williamson et al. 1994) . Therefore, nulligravid control women were not included in the present study.
To assess the independent association between gravidity and maternal BMI, analysis of covariance (ANCOVA) was used to control for a variety of potential confounders between mothers of differing gravidity (see Table 1 ). The form of the regression was assessed by examining a scattergram of the residuals, which on examination revealed no pattern between predicted values and standardized residuals. Duration of breast feeding was not included in the analyses since duration of breast feeding was remarkably uniform within the 'Birth to Ten' mothers from Greater Soweto, with mothers displaying traditional infant feeding practices which are characterized by prolonged breast feeding (Ellison et ul. 1997a,b) . As such, all mothers in the present sample could be considered prolonged breast feeders (Ellison et al. 1997a,b) .
Standardized questionnaires were used to obtain detailed sociodemographic and behavioural information during the 5-year follow-up interviews of the 'Birth to Ten' study, which were conducted in 1995 and 1996. Housing tenure and employment status were included in the model as dichotomous variables, while maternal age was included as a continuous variable. Stress, social support and socioeconomic status were all composite indicators derived from maternal responses to a suite of questions describing their experience of stressful situations, social relationships, household commodities, and private medical insurance (see Appendix). Smoking behaviour was classified into four categories: daily smokers, occasional smokers, ex-smokers and non-smokers, while gravidity was included in the model as a factor (one to nine pregnancies). Maternal weight and height were both measured in light clothing without shoes, using the same measuring tape and set of scales (scale: Soehnle 7306.00, Post Foch 1265, D-71535, Marrhardt, Germany; tape: Microtoise 04 116, France).
Results
The sample characteristics are summarized in Table 1 . On average, mothers were very overweight, with a mean BMI of 27-8 (SE 0-2)kg/m2. They had an average of 2.5 pregnancies, and were on average 30 years old (see Table  1 ). The vast majority did not smoke (93.6%). less than a third (31.3 %) were employed outside the home, and about one half owned their dwellings (474 %). These dwellings were of various construction, and ranged from houses and cottages to flats, shacks, garages, rooms, and hostels. Nevertheless, most of these dwellings had electricity (97.9 %), and compared with similar urban communities in other developing countries, these women were relatively wealthy: nearly a third (30.3%) had access to a motor vehicle, 18.3 % had private medical insurance and 15.6 % had a washing machine. Univariate analyses showed BMI to be positively associated with both maternal age ( r 0-282, P < 0-OOl), and gravidity ( r 0.255, P<O.OOl). There were no significant associations between BMI and housing tenure, employment status, or stress (P > 0.1). Although there was a weak tendency for BMI to be positively associated with socioeconomic status (I 0.078) and social support ( r 0-074), these correlations were not statistically significant (P > 0.05). Likewise, mothers who smoked daily had lower BMI than those who smoked less frequently, or not at all ( F 2.43, P=O.O73). While there was no association between socioeconomic status and social support ( r 0-058, P = 0.146), socioeconomic status was negatively correlated with stress ( r -0.144, P<O.OOl), such that mothers of lower socioeconomic status had significantly higher levels of stress. Similarly, social support was negatively correlated with stress ( r -0.121, P=0.002) such that mothers with high levels of social support had lower levels of stress.
To assess the independent association between gravidity and maternal BMI, ANCOVA was used to control for potential confounders between mothers of differing gravidity. After controlling for the effects of confounding, three maternal characteristics were independently associated with BMI, and together these accounted for 10.3 % of the variance in BMI after adjusting for available degrees of freedom (see Table 2 ). To improve the predictive power of the ANCOVA model, those variables that explained the least amount of variance were removed one by one, in a backward, stepwise approach, until the model that explained the highest adjusted variance was obtained. Housing tenure (3 < 0.001) and employment status (? < 0.001) were both removed from the original model. The final model contained six variables which explained 10.6 % of the variance in BMI, after adjusting for the available de ees of freedom (Table 3) . Of these variables, P=O.O36), and social support (3 0.011, P=0.006) were all independently associated with maternal BMI (see Table  3 ). Younger mothers, those who smoked regularly and those with little social support had lower BMI. There was no significant independent effect of gravidity on maternal BMI after controlling for confounding factors (see Table 3 and Fig. l) , although it is possible that the impact of gravidity on maternal BMI had been obscured by bias associated with the relatively few women of high gravidity (see Fig. 1 ). To eliminate this possibility, gravidity was recoded by grouping together mothers of parity six or more 
Discussion
If overweight women were at increased risk of maternal obesity, we would expect there to have been a strong positive relationship between gravidity and maternal BMI in this obese population. However, this was not the case. Although gravidity was positively correlated with maternal BMI, the ANCOVA models showed that there was no independent association between gravidity and maternal BMI, after controlling for the effects of confounding factors. As such, it appears unlikely that overweight women are at greater risk of maternal obesity. Although previous longitudinal studies have found a positive association between prepregnant weight and long-term weight gain (Schauberger et al. 1992; Stevens-Simon & McAnarney, 1992; Boardley et al. 1995) , it seems possible that this relationship might arise because overweight women gain more weight over a fixed period of time than women of normal weight. Therefore, overweight women might simply 'appear' to be at greater risk of pregnancy-related weight gains. However, the present study included only those women who had one or more pregnancy and was therefore unable to assess whether there was any differential impact of a first pregnancy on long-term weight gain. Although it has been suggested in the past that women might gain disproportionate amounts of weight following their first pregnancy (Sheldon, 1949) , a recent analysis of long-term weight gain in primiparous and multiparous women from Southeast London (Harris et al. 1997a) found that the strong association between prepregnant BMI and long-term weight gain was independent of parity. Therefore, it is unlikely that the absence of nulliparous women from the sample would have influenced the findings of the present study.
The results of the present study therefore indicate that gravidity is not independently associated with maternal BMI in a community with a high prevalence of obesity. Previous studies have shown that women from other parts of Africa do not gain weight in association with pregnancy (Prentice et al. 1981) , although these studies examined undernourished women from rural subsistence farming communities (The Gambia; Prentice et al. 1981) , which differ markedly from the comparatively obese women sampled in the present study. The prevalence of overweight (BMI 2 25 kg/m2) in the present community was 63.4 %, of whom 30.3 % were obese (BMI > 30 kg/m2). These values contrast starkly with the equivalents for English women, 50.5 % of whom are classified as either overweight (32.9 5%) or obese (17.5 %) (Health Survey for England 1995 , 1997 . Because longitudinal studies clearly show high prepregnant weight to be associated with greater overall weight gains (Schauberger et al. 1992; Stevens-Simon & McAnarney, 1992; Boardley et al. 1995) , it is unlikely that the absence of an effect of gravidity on BMI in the present study can be explained by obese mothers having potentially less scope to gain weight than mothers of relatively lower body weight. However, the gestational gains of obese women are known to be lower than those of lighter women, on average (Institute of Medicine, 1990) . Since gestational weight gain is undeniably one of the most important risk factors for maternal obesity (Greene et al. 1988; Keppel & Taffel, 1993; Parker & Abrams, 1993; Boardley et al. 1995; Scholl et al. 1995; Harris et al. 1997b,c) , it is perhaps not surprising that no uniform association between gravidity and maternal BMI is seen in such an obese population.
While the results of the present study suggest that overweight women may not be at increased risk of maternal obesity, BMI was found to be independently associated with smoking behaviour, age and level of social support. It is well established that younger mothers who smoke daily have lower BMI than their older, non-smoking peers (Brown et al. 1992) , although few studies have examined the effect of social support on body weight. In the present study, mothers with high levels of social support had significantly higher BMI, even after accounting for different levels of stress or socioeconomic status (see Tables 2 and 3) . Social support represents a cluster of social factors, which imply that the more close friends, membership of organizations, and close family ties a person has, the more likely that person is to be healthy and happy (Bruhn & Philips, 1984) . However, the feelings of acceptance and contentment that result from the buffering effects of social support (Bruhn & Philips, 1984) may have led mothers in this community to accept higher body weights than they might otherwise find acceptable. Nevertheless, social support is highly culturally specific (Bruhn & Philips, 1984; Bruhn, 1991) , and therefore, it is probably inappropriate to generalize this result to other communities. In contrast to the findings of others (Rona & Morris, 1982; Baecke et al. 1983 ) no independent association between socioeconomic status and BMI was observed. In part, the absence of an effect of socioeconomic status on body weight may have been the result of the relative homogeneity of the population in terms of its socioeconomic status. Although the mothers eligible for inclusion in the present study were of lower gravidity than the mothers who were excluded, this should not have affected the external validity of the study because there was no independent effect of gravidity on maternal nutritional status (BMI) within this population (Table 3) . Consequently, it appears that overweight women are at greater risk of weight gain generally, but there is little evidence to suggest that they are at any increased risk of maternal obesity, when compared with women of lower BMI.
